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通过羰基的配位引导得到一系列氨基的 N-H 键活化的环金属化产物 2-12 ,2-13, 
2-17 和 2-18。RuHCl((PPh3)3 则与 2-乙酰吡咯反应，生成了两分子乙酰吡咯的
N-H 键被活化产物 2-19。 而当吡咯底物上无乙酰基取代基时，RuHCl(PPh3)3与
吡咯反应可通过 N-H 键氧化加成并消除一分子 H2 得到半夹心型化合物
(η5-pyrrolyl)RuCl(PPh3)2 (2-21) ， 该 反 应 也 适 用 于 锇 的 半 夹 心 型 化 合 物
(η5-pyrrolyl)OsCl(PPh3)2 (2-22)的合成。这些反应和 N-H 键活化相关，近年来，过
渡金属促进的 N-H 键的活化因其在发展新的催化反应及天然产物和药物的合成
方面的应用引起了人们极大的兴趣。 
第三章为 MHCl(PPh3)3、MCl2(PPh3)3 (M = Ru、Os)与 N-乙烯基吡咯烷酮及
N-乙烯基己内酰胺的反应性质研究。RuHCl(PPh3)3 与 N-乙烯基吡咯烷酮或 N-乙
烯基己内酰胺在室温下反应即可分别生成烯基和 PPh3 苯基的邻位碳偶联的产物
3-25 和 3-30，并成功分离得到后一反应的中间体，即 N-乙烯基己内酰胺配位的
PPh3 配体邻位金属化产物 3-28，由此推测了反应机理。和 RuHCl(PPh3)3 的情况
不同，OsHCl(PPh3)3与 N-乙烯基己内酰胺或 N-乙烯基吡咯烷酮反应，仅得到了

















RuHCl(PPh3)3 和 OsHCl(PPh3)3 与 N-乙烯基己内酰胺或 N-乙烯基吡咯烷酮在反应
性质上的差别可归结为 Ru 和 Os 的 M-H 及 M-C 键的强度不同所致。由于 Ru 的
配位能力较弱，RuCl2(PPh3)3 与 N-乙烯基吡咯烷酮室温下不发生反应，加热条件




第四章为 RuHX(CO)(PPh3)3 (X = H, Cl)与 N-乙烯基吡咯烷酮、N-乙烯基己内
酰胺的反应性质研究。RuHCl(CO)(PPh3)3 与 N-乙烯基基己内酰胺反应，得到了
Ru-H 与烯烃发生插入反应的产物 4-2，而 RuH2(CO)(PPh3)3 与 N-乙烯基吡咯烷酮
或 N-乙烯基己内酰胺反应，得到了消除 H2 后 Ru 与有机底物通过酮羰基氧原子




















Cyclometalation refers to the reactions in which the organic ligand coordinates to 
the metal center via a donor group and undergoes intramolecular metalation to form a 
chelate ring containing a metal-carbon σ bond. As one of the most typical 
organometallic reactions, cyclometalation reactions have been proposed as the key 
intermediate steps in many transition-metal catalyzed transformations and utilized 
extensively in regioselective organic synthesis. In this regard, studies on the 
cyclometalation reactions will certainly help to better understand the mechanism of 
these catalytic reactions and provide basis by which new reactions may be developed. 
In this thesis, investigations on the reactions involving cyclometalation of several 
ruthenium and osmium complexes have been described. This thesis consists of the 
following four chapters. 
In chapter 1, the concept of cyclometalation is briefly introduced and the 
pathways to achieve cyclometalation as well as the factors which impact 
cyclometalation are summarized. A brief review on the progress of cyclometalation 
reactions involving ruthenium and osmium are also included. In addition, the research 
objectives and contents of this thesis are presented. 
In chapter 2, reactions of ruthenium hydride complexes with o-acetylaniline, 
2-acetylpyrrole and pyrrole are described. Reactions of RuHCl(CO)(PPh3)3 and 
RuH2(CO)(PPh3)3 with o-acetylanline and 2-acetylpyrrole afford a series of 
cyclometalated products 2-12, 2-13, 2-17 and 2-18 derived from N-H bond activation 
via coordination of the oxygen donor group of the substrates to the metal center. 
RuHCl(PPh3)3 reacts with 2-acetyl-pyrrole to give complex 2-19 by activating the 
N-H bonds of two molecules of 2-acetylpyrrole. Contrast to the acetyl substituted 
pyrrole, reactions of RuHCl(PPh3)3 and OsHCl(PPh3)3 with pyrrole yield η5-pyrrolyl 
half-sandwich complexes 2-21 and 2-22 through oxidative addition of the N-H bond 
















attracted great attention in recent years due to their relavance to the development of 
new catalytic reactions and the potential applications in the synthesis of natural 
products and drugs. 
Chapter 3 describes the reactions of MHCl(PPh3)3 and MCl2(PPh3)3 (M = Ru, Os) 
with N-vinylpyrrolidone and N-Vinylcaprolactam. RuHCl(PPh3)3 react with 
N-vinylpyrrolidone or N-vinylcaprolactam readily at room temperature, via coupling 
of the vinyl group and the phenyl group of the PPh3 ligand, to produce complexes 
3-25 and 3-30, respectively. An intermediate of the latter reaction, i. e. the 
N-vinylcaprolactam coordinated ruthenium complex 3-28 containing an 
orthometalated PPh3 ligand, is successfully isolated. Indeed, complex 3-28 can be 
further transformed to the final C-C coupling product 3-30 in solution, which 
accordinly provides an evidence for the mechanism of the coupling reactions. In sharp 
contrast, reactions of OsHCl(PPh3)3 with N-vinylpyrrolidone or N-Vinylcaprolactam 
can only take place at heating conditions with the formation of the orthometalated 
osmium complexes 3-31 and 3-32 containing the substrates as chelate ligands, which 
cannot be further transformed to the corresponding C-C coupling products analogous 
to 3-25 and 3-30. The differenct reactivity between RuHCl(PPh3)3 and OsHCl(PPh3)3 
towards N-vinylpyrrolidone and N-Vinylcaprolactam shown here can be related to the 
differences on the strength of the M-H and M-C bonds for ruthenium and osmium. As 
a parallel study, the reactions of MCl2(PPh3)3 (M = Ru, Os) with N-vinyl-pyrrolidone 
and N-Vinylcaprolactam have also been investigated. Reaction of RuCl2(PPh3)3 with 
N-vinylcaprolactam at room temperature produces N-vinylcaprolactam coordinated 
ruthenium complex 3-33，which is readily to decompose probably due to the weak 
coordination between ruthenium and the substrate, while no reaction can be observed 
between RuCl2(PPh3)3 and N-vinylpyrrolidone at room temperature. Reactions of 
OsCl2(PPh3)3 with N-vinylpyrrolidone and N-Vinylcaprolactam at room temperature 
lead to the formation of the stable osmium complexes 3-34 and 3-35 with the 
substrates as chelate ligands. 
















N-vinylpyrrolidone and N-vinylcaprolactam are described. RuHCl(CO)(PPh3)3 reacts 
with N-Vinylcaprolactam to produce the alkyl complex 4-2 via insertion of the olefin 
into the Ru-H bond, while reactions of RuH2(CO)(PPh3)3 with N-vinylpyrrolidone or 
N-Vinylcaprolactam result in the lose of H2 followed by coordination of the substrates 
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(orthometalation)。20 世纪 60 年代，Kleiman 和 Dubeck 报道的 Cp2Ni 对偶氮苯
的苯基邻位C-H键断裂生成邻位金属化产物1-2的反应就是最早报道的环金属化







1-1 1-2  
常见的还有 PPh3 的邻位金属化反应，如 Bennett 于 1969 年报道了 IrCl(PPh3)3
的 PPh3配体的邻位金属化[3], Mckinney 报道了 Re(CO)4(PPh3)3的邻位金属化反应
[4]。到了 70 年代，类似的金属化反应已经引起了人们的研究兴趣，反应类型也































能团）和金属中心配位，然后再金属化形成含 M-C σ 键的螯合环：大多数的金
属化过程是通过活化分子内的 C-R 键而实现的，其中又以 C-H 键的活化为主，
通过 C-C 键、C-O 键活化实现的环金属化亦有报道。实现环金属化反应的其他
一些途径还包括：插入反应，亲核进攻，烯烃、炔烃等在金属中心的氧化偶联等。 
1.2.1 C-H 键活化实现的环金属化反应 
C-H 键活化是实现环金属化反应的主要方式，人们对环金属化反应如此关注
























C-H 键发生亲电取代反应，从而发生环金属化(Scheme 1.3)。 
 
2008 年，Urriolabeitia 报道了金属 Pd 促进的 C-H 键活化实现的环金属化反
应 (Scheme 1.4)[28]。从图 1.4 可以看出 Pd(OAc)2 与化合物 1-7 配位时，既可以与
N 配位亦可以与 P 配位，而环金属优先生成五元环金属化合物的原则致使其





元素如 Re, Fe, Ru, Os, Rh, Ir, Pt 等的配合物实现的 C-H 活化经典实例许多都是按
照这一机理进行的。通常这种途径的历程是，金属中心和引导基团进行配位，然
后插入到 C-H 键之间，形成含有金属氢的环状化合物，实现 C-H 键活化的同时
完成环金属化反应的历程。通过此类途径实现的环金属化反应的产物是许多有机
反应的中间体。 
1999 年，Andersson 课题组报道了过渡金属 Ir 的配合物与化合物 1-9 通过氧
化加成实现的环金属化反应 (Scheme 1.5) [29]。更重要的是通过氧化加成实现了

























在加热条件下通过 σ 键交换途径实现了自身的环金属化。而且活化了 PPh3 苯环
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